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Equilibrium ratios obtained by flash and two differ­
ential liberation sequences are compared in this investi­
gation* Three mixtures of methane, ethane, propane, n-pen- 
tane, n-octane, and n-decane were used.in each flash and 
differential sequences. Gas chromatography was used to 
analyze gas and liquid samples taken at pre-determined 
pressure points. Equilibrium ratios were determined on 
the basis of these analyses.
Comparison of results shows that a difference does 
exist between the flash and differential equilibrium ratios 
for methane, ethane, and propane in the same mixture. The 
differential equilibrium ratios are higher than flash 
values in mixtures initially containing 60 mole percent 
methane. The converse is generally-true for mixtures 
originally composed of 80 mole percent methane. For 
mixtures containing 70 mole percent methane, equilibrium 
ratios were dependent upon the pressure sequence.
iii
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It was difficult to obtain consistent analyses of 
n-octane and n-decane in the vapor phase. A sampling 
device designed to eliminate the source of trouble is described 
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INTRODUCTION
.Equilibrium ratios for hydrocarbon components are used 
in the determination of phase behavior of petroleum reser­
voir fluids and refinery fluid systems. For a hydrocarbon, 
equilibrium ratio is defined as the ratio of a component *s 
mole content in the vapor phase to the mole content in the 
liquid phase. Compositions of gas and liquid phases under 
different pressure and temperature conditions are calculated 
by use of equilibrium constants. Published' equilibria 
data have been obtained almost entirely by the flash 
liberation process. The petroleum production industry 
relies upon published data to determine optimum conditions 
for petroleum and natural gas operations. However, depletion 
in most petroleum reservoirs is more closely approximated 
by a differential liberation process. In reservoir production 
operations the composition of the original reservoir fluid 
is changed by removal of material in the reservoir. There 
is no removal of material and the composition of the fluid 
remains unchanged in the flash liberation process. Since 
flash equilibrium ratios are used in production calculations,
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an error would result if there is a difference "between the 
flash and differential equilibrium ratios for individual 
components in the same mixture. The literature search in 
this investigation and that of Kokcu^^ did not reveal that 
any comparison has been made to determine possible differ­
ences in equilibrium ratios obtained by flash and differ­
ential liberation processes.
(2 )As cited by Katzv , the use of equiliorium constants 
started with Brown, Souders, and Associates at the University 
of Michigan in 1931. Katz^^ and Kokcu^^ presented a 
history of the evolution of equilibria data, their appli­
cation, and subsequent correlation. Some equilibrium ratios, 
based upon the assumption of ideal solutions and recognizing 
the deviations of vapors from the ideal gas law, have been 
published. Because of the deviation from assumed ideal
conditions, nearly all equilibrium ratios have been obtained
("5)by experimental studyv .
The behavior of hydrocarbon mixtures is complex and
equilibrium ratios are dependent upon the mixture compo-
(h.) (5)sition. HaddenV * w/ published correlation charts for
vapor-liquid equilibria data. Methane showed a marked
deviation from the correlation and two correction charts
were presented. The correction to be used was dependent
upon the type system "binary or complex," and the mole
(6)weight of the heavy fraction in a mixture. Arnold^ '
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presented a tentative method for correlating vaporization 
equilibria for methane in complex mixtures. However, "it 
does not take adequate account of the chemical nature of
(6 )the solvent mixture and is therefore probably unreliable."' -
(7)Katz and Kachmuthh 1 reported equilibrium ratios for 
a natural gas-crude oil system. Temperatures ranged from 
40 to 200°F and pressures from 12.8 to 3200 psia. Pressure 
drops in the equilibrium cell were obtained by removal of 
vapor. Gas and liquid samples were obtained and analyzed 
at each pressure decrement. This was a differential liber­
ation process. The authors did not compare their results 
with values previously obtained by other investigators 
using a flash liberation process.
White and Brown' J reported flash equilibrium ratios 
for a natural gas-distillate system within the pressure 
range of 118 to 650 psia and temperatures of 575° to 820°F. 
The effect of .carbon.dioxide in a natural gas-crude oil 
system was studied by Poettmann^^ for pressures from 600 
to 8500 psia and at temperatures of 38°, 120°, and 202°F. 
Jacoby and Rzasa^^ obtained flash equilibrium ratios for 
two natural gas-condensate systems at temperatures of 100°, 
150°, and 200°F and pressures from 500 to 4000 psia.
Vagtborg^^ measured equilibrium ratios for a reser­
voir fluid containing a high concentration of hydrogen 
sulfide. Pressures ranged from 0 to 2500 psia and
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temperature was held constant at 154-°F. Mercury was with­
drawn from the equilibrium cell to form a gas phase* The 
evolved gas at each pressure stage was displaced from the 
cell at constant pressure. The volume and composition of 
liberated gas was measured and the composition of the 
remaining liquid was calculated. Equilibrium ratios were 
calculated. This was a differential liberation process. 
Vagtborg compared the calculated equilibrium ratios with -
those published by Jacoby and Kzasa^"^ and Katz and 
(7)Hachmuthw y * The comparison was made to determine the 
effect of hydrogen sulfide on equilibrium ratios. Vagtborg 
concluded that, for the system containing large amounts 
of hydrogen sulfide, equilibrium ratios for methane were 
lower than ratios for mixtures containing little or no 
hydrogen sulfide. Large amounts of hydrogen sulfide had 
a reverse effect on ratios for ethane and heavier hydro­
carbons .
Kokcu^^ made a comparison of experimentally deter­
mined flash and equilibrium data. Two synthetic mixtures 
were analyzed at pressures ranging from 100 to 1600 psia 
and at a temperature of 200°F. The mixtures consisted of 
the following normal-paraffin components:
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Mixture A Mixture B






n-C-̂ Q 19.65 36.61
The flash liberation process was accomplished by with­
drawing mercury from an equilibrium cell. Approximately 
one cc samples of liquid and vapor were removed at each 
pressure step for analysis. In the differential process, 
evolved gas was displaced from the cell at constant pressure. 
Samples of about one cc of liquid and vapor were collected 
for analysis at each differential pressure step. All 
samples were analyzed by a chromatograph utilizing flame
ionization detection for quantitative analysis. According 
(12)to Heftmann' '; "The response for hydrocarbons is propor­
tional to weight percent of carbon;" for flame ionization 
detectors. Kokcu’s^^ gas and liquid analyses were converted 
to-mole percent and equilibrium ratios were calculated for 
this investigation. The calculated equilibrium ratios 
are shown in graphical form in Figures 1 through 8. A 
Comparison of flash and differential equilibrium ratios 
for Kokcu’s mixture B is shown on Figure 9.
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■Normal"pentane, n-octane, and n~decane have the fol 




n - C g  5 . 2
n-C-^Q 1 . 2
Equilibrium ratios for the above three components should 
be close to unity at their vapor pressures. Equilibrium 
ratios of 1.0 at vapor pressure for n-pentane, n-octane, 
and n-decane'were added to Kokcu!s experimental data. 
Kokcu's data (and including vapor pressure data) were 
smoothed by least squares fit of an equation of the form 
log K = A Log P5 + B log P2 + C log P + I)
•where
K = equilibrium ratio,
P = pressure, and
A, B, C, and D are coeficients determined by least 
squares fit.
A second order equation provided the best fit in the 
majority of cases.
(13 )Kennedy, et. al.,v 7 reported flash equilibrium 
ratios on recombined oil and gas samples of the Kelly- 
Snyder reservoir. Temperature was 128°P and pressures 
ranged from 500 to 1874- psia. Oil-in-place for the res­
ervoir was computed by the Schilthius method and also by
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method incorporating the experimental equilibrium ratios.
The equilibrium ratio method gave a 14 percent lower oil-
in-place value than the Schilthius method. Jacoby, et.
(14)al.,v ' measured flash equilibria data for 8 rich gas- 
condensate, one volatile oil, and 7 synthetic hydrocarbon 
systems. Depletion performance calculations were made on 
15 of the systems. Equilibrium ratios were chosen by a trial 
process of matching flash calculations with the particular 
fluid to the experimental flash data (pressure vs. volume 
percent liquid) for that fluid. A correlation for deter­
mining oil recovery as a function of initial gas-oil ratio, 
temperature, and oil gravity was presented. These data, 
with the addition of flash equilibrium data obtained from 
studies of binary hydrocarbon systems(-*-5-26) an  ̂fr0m
studies of ternary(27-29) ang multicomponent(50-32)
(88)carbon systems have been correlated and publishedv
This literature review shows that only three sets of 
equilibrium ratio data for a differential liberation process 
have been published. Only Kokcufs^^ data provides a 
comparison to determine the effect of flash and differ­
ential liberation processes on equilibrium ratios. His 
data were obtained on mixtures containing about 19 mole 
percent methane.
The purpose of this investigation is to compare 
equilibrium ratios by flash and differential processes
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for hydrocarbon fluid mixtures containing 60, 70, and 80 
mole percent methane. Three different mixtures were employed 
to investigate the effects of change of composition on 
equilibrium ratios. The difference between the mixtures 
was confined to the difference in the amount of the light­
est component, methane.
Pressure range was from 100 to 5000 psia and the 
temperature was constant at 200°P. Two pressure sequences 
of differential liberation were employed. Evolved gas 
was displaced from the equilibrium cell after 500 psi 
pressure decrements' in the first sequence and after 250 psi 
pressure decrements in the second.
A known-eomposition hydrocarbon mixture was prepared 
and was transferred to a high-pressure cell. Gas and 
liquid samples were taken at predetermined pressure points 
using a high-pressure syringe. These samples were analyzed 




In order to.complete this investigation the following 
apparatus, materials, and procedures were used.
Apparatus
A schematic diagram of the equipment used in this - 
investigation is shown on Figure 10. The equilibrium 
unit, in which all liberation processes were carried out,, 
was constructed and explained in detail by Kokcu^^.
Two minor modifications were made to the unit and included 
the addition of a motor driven rocker arm and two heaters.
Cells A and B were 103 cc stainless-steel, Aminco 
preliminary-test reaction vessels which were rated at
12,000 psi. These two cells were connected with a 3-way 
cross valve forming a liquid sampling port Pg. Cell C 
was a 4-50 cc, 12,000 psi cell. It was connected to cell A 
on the top and to the pressure unit at the bottom. A 
3-way cross valve, placed on the top of cell A, served as 
a test-mixture inlet and a sampling port, P-̂ . Connection 
to the Ruska cell was provided by a 2-way valve placed on
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top of Cell A. The equilibrium unit was mounted on a 
rocker assembly. The assembly was connected to a motor- 
driven crank arm which rocked the assembly through a 10° 
arc at 60 cycles per minute.
The unit was enclosed in a constant temperature air 
bath^^. The bath was made of plywood and was lined with 
1-in Fiberglass insulation boards. The bath had a lucite 
front wall with a 25-in x 10-in door to provide access for 
sampling. Hot air'was circulated by a fan for heating the 
bath and for .maintaining constant temperature inside. The 
bath had two openings to the heater box on the side wall 
for air circulation. Air was taken from the bath through' 
a circular hole near the bottom, blown through the heater 
box, and blown to the bath through an opening near the top.
The heater-blower system was enclosed in a box adjacent 
to the air bath. The box was constructed of plywood and 
insulated with 1-in Fiberglass boards on the inside. The 
innermost surface was insulated with in Transite plates. 
Six 250 w, 115 v, Westinghouse electric strip heaters 
and two 250 w, 115 v, 0. E. coil heaters provided the 
necessary heat. Four of the strip heaters were connected 
in series and were connected to a Precision Scientific 
electronic relay. A Sargent thermal regulator was placed 
near the air inlet of the bath and was so adjusted that 
whenever the temperature was below 200°F it actuated the
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relay- and the four strip heaters provided the additional 
■amount of heat necessary to raise the temperature. When 
200°F was reached the relay automatically shut-off removing 
the four strip heaters from service. The four remaining 
heaters (two strip and two coil) were connected to an 
Ohmite variac. They were used continuously during initial 
warm-up to raise the air temperature just below the desired 
200°F. When the desired temperature was reached, one of 
the coil heaters was disconnected and the Ohmite variac 
was reduced from 120 v to 110 v.
A pressure unit was constructed to provide the nec­
essary pressure in the system. It consisted of a 250 cc,
12,000 psi, Ruska mercury pump, an 11-in Heise, 5000 psi, 
pressure gauge, a mercury reservoir, vacuum pump, and an 
Aminco dead weight gauge. The Amineo dead weight gauge 
was used to check the calibration of the Heise gauge.
The test-mixtures used in the liberation processes were 
prepared in a separate mixing unit and were transferred 
to the equilibrium unit using a transfer vessel.
Samole Analyses
All samples were analyzed in an F&M Model 810 Research 
Chromatograph. Flame-ionization detectors and dual 
columns were employed in the analyses. The columns used 
were %~in 0. D,, 6-meters long, and were packed with 50%
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silicone oil DC 200 on Chromosorb V/# A Honeywell Elec- 
tronik 16 strip-chart recorder, equipped with. Model 228 
AB Disc integrators, was used in recording the chromato­
grams •
Operating parameters for the chromatograph were set 
a s follows:



















Lower limit time interval 
Temperature increase 
Upper limit time interval 
U. S. Bureau of Mines Grade A Helium, Linde Corporation 
Commercial hydrogen, and compressed line air were used in 
the chromatograph analyses. The above temperature program 
provided separation of all components. A complete chroma­







■Individual pure components’ were injected into the 
chromatograph to determine their elution times under 
programmed tempera,ture conditions. Hydrocarbon components 
eluted in a sequence relative to their boiling points—  
the lowest boiling point hydrocarbon (methane) eluted 
first. Component peaks obtained during analysis of mixtures 
were identified by their elution times. A sketch of a 
chromatogram is shown in Figure 11.
Calibration of the chromatograph was checked by analys­
ing the following prepared mixture:
Liquid Weight




Duplicate 10 microliter samples of the prepared 
mixture were analyzed with the following results:










n-Cc5 320 6.4 313 6.2
n-C8 2010 39.3 1975 39.0
0 1—1
o1£ 2780 54.3 2773 54.3
Ch r omatogram s obtained from the recorder were used to
determine the weigh.t percent of each component in a sample
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Areas under the peaks on a chromatogram were read from the 
integrator pen trace and cumulated. The weight percent of 
a component was determined by dividing the component peak 
area by the cumulated area. Mole percent was calculated 
by dividing each component area by its molecular weight, 
cumulating each answer, and normalizing to 100 percent. 
Equilibrium ratio (at a pressure) for a component was cal­
culated by dividing its mole percent value in the gas phase 
by its mole percent value in the liquid phase at that 
pressure•
Sensitivity of the recorder was adjusted for the
2liquid and gas analyses. Sensitivity range was 10 and 
attenuation was set at 4 and 16 for all liquid samples. 
Attenuation was set at 16 for the n-octane and n-decane 
peaks to keep them on scale. Recorder sensitivity for 




















Fluid mixtures used in this study were prepared with 
six normal-paraffin hydrocarbon components. The compon­
ents used are listed below:
Component
Purity 
Mole % Manufac turer
Methane 99.0+ Phillips Petroleum Company
Ethane 99.0+ Phillips Petroleum C ompany
n-Pentane 99.0+ Phillips Petroleum C ompany
n-Octane 99.0+ Phillips Petroleum C ompany
n-Decane 99.0+ Phillips Petroleum Company
Commercial propane was obtained from a local vendor.
A chromatograph analysis showed it to contain 3.52 mole 
percent ethane and 96.48 mole percent propane.











ci 60.0 70.0 80.0
°2 10.6 8.0 5.3
°5 6.7
5.0 3.3
■n-Cq5 2.7 2.0 1.3
n-C8 9.3 7.0 4.7
n-°io 10.7 8.0 5.4
Bubble
Point-psia 3282 3583 4128
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Three liheration processes were completed on each of 
mixtures A, B, and C for a total of nine runs (three runs 
per mixture). A mixture volume of about 107 cc was used 
in each run. The mixing cell volume was not large enough to 
allow preparation of a large batch each mixture (A, B, and 0) 
and subsequent subdividing into three portions. As a result, 
a 115 cc and a 230 cc volume was prepared in the unit for 




























A-I, 115 cc volume prepared 
in mixing cell.
A-II, 230 cc volume prepared 
in mixing cell and divided 
into two portions.
A-I I
B-I, 230 cc volume prepared 
in mixing cell and divided 
into two portions.
B-I
B-II, 115 cc volume prepared 
in mixing cell.
C-I, 115 cc volume prepared 
in mixing cell,
C-II, 230 cc volume prepared 





The mixture to he used in a test was prepared in the 
mixing unit and maintained 500 psi above the huhole point 
pressure. Of this mixture 107.7 cc was displaced into the 
Aminco transfer vessel. This vessel was connected to the 
equilibrium unit and 107.3 cc was transferred into the 
upper equilibrium cell. To insure a complete and accurate 
transfer, the entire equilibrium unit, transfer cell, and 
all connections were initially filled with mercury.
Pressure was maintained 500 psi above the bubble point 
during the transfer process. After the transfer process 
was completed and the mixture was trapped in the upper 
equilibrium cell, the equilibrium unit was heated to the 
desired temperature of 200°P. Three hours were required 
to raise the air bath from room temperature to 200°P.
The unit was left at constant temperature for two additional 
hours to assure that all elements within the air bath 
were at the desired temperature.
At the end of the warm-up period, a liberation process 
was started and completed. When the process was finished, 
the equilibrium unit was cleaned, evacuated with the 
vacuum pump for two hours, and filled with mercury.




At the beginning of a flash liberation process pressure 
in the equilibrium unit Was reduced by withdrawing mercury 
from the lower equilibrium cell. Only enough mercury was 
withdrawn so that the liquid-mercury interface level would 
stay just below the top of the lower equilibrium cell.
This was done to assure that the sample taken from the 
liquid sampling port (P̂  in Figure 10) was liquid only.
Total chromatograph response for a liquid sample was higher 
than a vapor sample (for the same size sample) because of 
the difference in density. All liquid samples obtained 
from sampling port ? 2 had higher chromatograph responses 
as compared to vapor samples. The angle valve between the 
upper equilibrium cell and the Ruska cell was opened.
Mercury was withdrawn from the Ruska cell to provide the 
required volume for the necessary pressure drop.
Equilibrium in the system was attained by rocking the 
equilibrium unit for four hours. A gas sample was taken 
from the gas sampling port and analyzed. Rocking of the 
unit was resumed during the time the gas was being analyzed. 
Then a liquid sample was taken from the liquid sampling 
port and analyzed. After the samples were taken, pressure 
was dropped to the next pressure point and the equilibrium 
and sampling process was repeated.
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Differential Liberation Process
After the-mixture was placed in the upper equilibrium 
cell ana heated to, the desired temperature of 200°F as 
described above, mercury■was withdrawn from the lower 
equilibrium cell to attain the necessary pressure drop.
The Huska cell was not used and the angle valve was kept 
closed after the initial warm-up. Equilibrium in the 
system was attained by rocking as in a flash liberation 
process. A gas sample was taken and analyzed. Then,, all 
the gas was ejected from the cell by injecting mercury 
at constant pressure. The cell was rocked for one hour.
A liquid sample was obtained from the upper sampling port 
and analyzed. Pressure was dropped to the next pressure 
point by withdrawal of mercury.
Sampling Procedure 
Two separate mixtures of composition A were prepared 
and various liquid and gas samples were taken to determine 
a repeatable sampling technique. A high-pressure, 5 micro­
liter, Precision Sampling syringe was used in sampling of 
gas and liquid phases. The syringe had an adaptor for 
taking samples from the sampling ports and a needle to 
inject the sample into the chromatograph.
Gas and liquid samples of mixture A were obtained 
at 2750 psia and 200°P. Pressure in the equilibrium unit
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was increased by injecting 1.0 cc mercury and the sampling 
valve was opened. A sample was allowed to go into the 
syringe and was ejected back into the equilibrium cell. 
Another sample was allowed into the syring and was trapped. 
The adaptor was exchanged with the needle after the sample 
was trapped and the contents of the syringe was injected 
into the chromatograph for analysis. After every sampling, 
the syringe, adaptor and needle were cleaned with acetone 
and compressed air and left to dry. The sampling ports 
were cleaned with pipe cleaners and acetone. Results 
(mole %) of the gas and liquid samples were as follows:.
Liquid Samples Gas Samples
Component No. 1 No. 2 No. 1 No. 2
C1 35.7 53.6 80.2 74.7
C2 13.5 14.6 12.3 14.6
3.1 4.2 2.4 2.8
n-Cc-5
00•H 2.1 .5 1.1
i o 00 18.8 9.8 .8 2.5
o 1—1
01£ 27.1 15.7 3.8 4.3
Pressure in the unit was reduced to 1325 psia and gas
and liquid samples were taken. Pressure in the unit was 
increased by injecting 1.0 cc mercury and sampling valve 
was opened. The syringe was unscrewed from the adaptor 
until fluid was allowed to escape slowly through the 
adaptor vent port. Two additional cc's of fluid were 
ejected through the port while injecting mercury'into the
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equilibrium cell at constant pressure. The syringe was 
screwed back into the adaptor to shut-off the vent port. 
Sampling and cleaning Were then completed as described 
above. Results (mole %) of the. 1325 psia gas and liquid 










ci 21.1 25.3 85.7 84.4
C2 14.6 14.4 11.0 11.9
°3 6.4 5.5 2.0 2.6
3 1 o \J\ 4.0 3.6 .3 .1
00o1£ 19.9 20.8 .3 .4
n“G10 54.0 32.4 .7 .6
The equilibrium unit ■was cleaned and another mixture
composition A -was transferred to the upper cell. Three
liquid samples above the bubble point were taken after 
different time intervals. Pressure in the unit was increased 
by injecting 1.0 cc mercury and the sampling valve was 
opened. The syringe was unscrewed from the adaptor and two 
cc's of fluid were allowed to escape slowly through the 
adaptor vent port. The syringe was screwed back into the 
adaptor to shut-off the vent port. The first sample was 
obtained immediately after closing the vent port, another 
sample was obtained after waiting 15 minutes before closing 
the vent port. A third sample was taken after waiting 50
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minutes. The cell was- hand rocked while waiting. The
samples were analyzed with the following results:
Sample Sample Sample
Component 1 2 3
C1 59.0 55.6 49.6
C2 15.2 13.2 12.8
°3 7.5 6.6 7.1
ri-Cr5 2.1 2.3 2.0
n-C8 7.5 10.2 12.8
n~C10 8.7 12.1 15.7
The decrease of methane content and the increase of 
octane and decane content with time was at first believed 
due to gravity segregation. However, later sampling showed 
that the syringe leaked at higher pressures (4000 psi). 
Bubble point samples of mixtures A-I and A-II were obtained 
and analyzed with apparent success. Results are shown on 
Tables 1 and 2 in the Appendix. An attempt was made to 
analyze mixture B-I (Run 4) but the syringe leaked and 
the sample was lost. Seals in the syringe were replaced 
and sampling at 4000 psi was again tried without success. 
The syringe rear seal assembly was again tightened but 
cracked upon the application of torque. A second syringe 
was tried but the rear seal assembly also cracked. Both 
syringes were repaired and new seals were installed.
Several attempts were subsequently made to analyzed bubble 
point liquids but without success. Both syringes were
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disassembled after sampling at 3000 psi but no visual 
evidence of leakage at this pressure was found.
Mixture A-I was prepared and Run 1 was started. The 
sampling procedure used in Run 1 and the following two runs 
consisted of: (1) sampling was done immediately after cell
rocking was stopped; (2) about two cc's of sample were 
vented through the adaptor port; and (3) samples were 
collected after filling and refilling the syringe.
Equilibrium ratios determined in this investigation 
are reported in tabular form in Tables 1 through 9 in the 
Appendix. The ratios are also shown in graphical form on 
Figures 12 through 20, The results of gas and liquid 
sample analyses are given in the Appendix in Tables 10 
through 18.
G-as and liquid analyses and equilibrium ratios were 
reviewed for the first three runs. G-raphs were prepared 
which showed mole percent in the liquid phase and mole 
percent in the gas phase versus pressure for each component 
Rata from liquid analyses were consistant and followed 
expected trends with some variability. Rata for methane, 
ethane, propane, and pentane in the gas analyses were also 
consistent and provided useable information. The content 
of octane and decane in the gas phase was erratic. Conse­
quently calculated equilibrium ratios for the heavy ends 
were also quite variable. In an attempt to find the source
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of variability, a modified sampling technique was tried 
during Pam 4. The sampling needle inlet was placed in the 
adaptor so that the inlet was in an upright position. In 
addition, the syringe was filled only once. Samples of 
gas were collected from the adaptor vent port with a one-ml 
glass syringe and were analyzed. Duplicate samples of 
gas were collected with the high pressure syringe. Results 














ci 87.30 86.12 84.09 48.79
C2 5.72 6.55 5.31 4.34
°3 5.19 5.49 5.64 5.69
n-Cc-5 .94 .81 1.05 4.41
COo .61 1.03 1.60 17.45
i a H O .24 .00 2.31 18.82
The vent gas analyses , particularly for the 547 psia
pressure point, did not follow expected trends and this 
technique of sampling was discarded. The remaining exper­
imental runs were completed with the use of the high pressure 
syringe. During gas sampling, the sampling needle inlet 
was placed in an upward position. The syringe was filled 
only once during all remaining sampling.
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RESULTS
Equilibrium ratios for hydrocarbon components - are used 
in the determination of phase behavior of petroleum reservoir 
fluids. Published equilibria data have been obtained almost 
entirely by the flash liberation process. However a large 
portion of underground liberation is more closely approx­
imated by a differential liberation process. The composition 
of a mixture has an effect on equilibrium ratios. Therefore 
reservoir engineering calculations based on flash data could 
be in error. Por accurate calculations, differential 
liberation data for the particular reservoir fluid under 
investigation would be necessary. Experimental differential 
liberation data for the prevailing reservoir depletion 
mechanism should be used in production problems.
Results of this investigation did show a difference 
between flash and differential equilibrium ratios. The 
equilibrium ratios most widely used in petroleum production 
problems are published by the NGPAV . The UGPA charts 
are ba,sed on convergence pressure correls-tion and include - 
binary flash data and some data on multicomponent
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gas-condensate and crude oil systems. Results of Run 1 
of this investigation are compared to 1TGPA, 4000 psia 
convergence pressure, values in Figure 21. The compa.rison 
shows that experimental values for methane, ethane, propane, 
and n-pentane obtained in this investigation are within 
a reasonable limit of published data. Equilibrium ratios 
for methane, ethane, and propane in Run 1 apparently converge 
to 1.0 at a pressure of 5500 psia. A better comparison of 
n~pentane ratios would have been obtained if the apparent 
convergence pressure had been used in smoothing the n-pen.tane 
data of Run 1. Observed differences on Figure 21 are believed 
due to mixture composition because of the effect of com­
position on equilibrium ratios.
Experimental ratios for n-octane and n-decane obtahned 
during Run 1 did not approximate the NGPA values. The 
variable experimental ratios for the two heavy components 
is due to the sampling techniques of the gas phase.
Sanroling
Syringe adaptor connections from the cell had about 
one cc of dead space. 7/hen opening the cell sampling valve 
fluid would flash into the dead space. Two cc's of fluid 
were used to flush out the flashed material prior to taking 
samples with the syringe. Flushing the dead space with 
liquid was evidently efficient because liquid analyses
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showed generally consistent results. Flushing with gas 
did not provide consistant results for the two heavy 
components. Samples of gas were collected from the adaptor 
vent port and with the high pressure syringe during Run 4 
(refer to page 24). Gas analyses indicated that condensati 
of heavy ends occurred in the adaptor. Normal-decane was 
not traceable in vent gas obtained with cell pressure at 
1000 psia. Evidently a slug of heavy ends was sampled 
from the vent port with pressure at 547 psia.
Samples were obtained after bleeding several cc’s of 
fluid through the adaptor vent port. Although condensation 
of heavy ends in the gas occurred in the adaptor, samples 
of gas for analysis were taken upstream of the adaptor 
when using the high pressure syringe. The sampling space 
upstream of the adaptor should have been clear of flashed 
gases after purging. In view of the variable analysis 
results of the two heavy ends, it appears that some heavy 
ends may have condensed in the dead-volume areas of the 
sampling ports. Although precautions were taken to prevent 
any accummulation in these areas, there were possibly 
minute amounts of material which could not be cleaned. 
Condensation probably occurred when the sampling valve 
was initially opened. Subsequent purging of the dead 
spaces was not efficient in removing the condensed heavy 
ends and in some cases purging may have revalorized them.
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A sampling port should he devised in which initial 
flashing of sample and dead end spaces are eliminated. 
Sampling devices which permit insertion of the sampling 
needle directly into the cell without opening a valve would 
be most desireable. Rubber septum ports would not be 
practical at high pressures and temperatures. A sampling 
device which would eliminate initial flashing of sample 
is shown in Figure 22. The port would be located within 
the cell wall and the innermost port and vrould a.ct as- a 
valve seat. A valve stem and stem packing would be located 
in the opposite cell wall. The sampling vent would be - 
pressured slightly above cell pressure with Helium or 
other inert gas. After opening the valve, a small amount 
of Helium would be ejected into the cell. The sampling 
needle would be injected into the cell to obtain a repre­
sentative sample. The effect of dead end spaces should 
also be minimized with the device.
Comparison of Flash and Differential Equilibrium Ratios
Results of flash and differential liberation processes 
on Mixtures A, B, and C are shown on Figures 23 through 25 
respectively. Comparison of the flash and differential 
equilibrium ratios are based on the actual values obtained, 
least squares curve fitting was used to smooth the data.
The comparisons were limited to methane, ethane, and propane
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data. It is believed that the difference .observed between 
the three sets of equilibrium ratios for a mixture under the 
same conditions is due to the different processes employed 
in reaching those conditions. Gas analyses of the three 
light components provided consistent results. It is 
believed that gas sampling effects were minimized for the 
three light components because of their volatility and 
concentration in the gas phase.
A graph of methane equilibrium ratios for Runs 1 
through 9 versus mole percent methane in the liquid phase 
is shown in Figure 26. The scatter of data on Figure 26 
is substantially less as compared to plotting equilibrium 
ratios against pressure (Figures 12 through 20). Pressure 
is not explicitly shown in Figure 26 but does decrease in 
magnitude starting from the lower right hand portion of 
the graph. Extrapolation of the data shows that methane 
equilibrium ratio apparently converges to 1.0 at the 
methane mole content of the initial fluid. Mixtures A, B, 
and C initially contained 60, 70, and 80 mole % methane, 
respectively. Methane mole content in the liquid phase 
during Finn 1 (flash liberation-nixture A) was consistently 
higher as compared to the liquid methane content of Runs 
2 and 3 (differential liberafion-mixture A) at the same 
pressure. The data on Figure 26 indicates that flash 
equilibrium 'ratios for Run 1 are lower than for Runs
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Bo. 2 and 3. .This observation is confirmed on Figure 23 
which compares equilibrium ratios for Huns 1, 2, and 3*
Kokcu's^^ data showed a difference between flash and 
equilibrium ratios. Kokcu prepared two synthetic mixtures. 
Both mixtures contained about 19 mole percent methane.
Kis mixture A contained about 20 mole percent n-decane 
while mixture B contained 37 mole percent n-decane. His 
data show for mixture A that: (1) flash equilibrium ratios
for methane and ethane were lower than differential data; 
and (2) flash ratios for propane at higher pressures were 
higher than differential data— at low pressures the cover.se 
was true. Kokcu1s data for mixture B indicate that:
(l) flash equilibrium ratios for methane and ethane were 
lower as compared to differential ratios; and (2) propane 




An ■ experimental investigation was undertaken to compare 
flash and differential liberation data for three different 
composition hydrocarbon fluid mixtures. The following 
conclusions are reached:
1. For mixtures containing 60 mole percent methane:
a. Flash equilibrium ratios are lower than 
differentia.1 ratios for methane and ethane,
b. Differential ratios for propane obtained by 
250 psi pressure decrements are higher than flash ratios 
at lower pressure.
2. For mixtures containing 70 mole percent methane:
a.. Flash and differential, ratios for methane at 
higher pressures are comparable,
b. The flash and 500 psi differential ratios
for ethane are comparable at higher pressures. Differential 
ratios for ethane obtained by 250 psi pressure decrements 
are higher than flash ratios in the lower pressure range.
c. Propane flash ratios are higher than differ­
ential equilibrium ratios.
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3. Plash equilibrium ratios for the three components 
are generally higher as compared to differential ratios ■ 
for mixtures containing 80 mole percent methane.
4. The gas sampling technique employed proved trouble­
some in obtaining representative samples of n-octane and 
n-decane. Sampling can be improved by elimination of 
hydrocarbon flashing across a sampling valve. Such a 
device has been described.
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MIXTURE A-I, RUN 1 
PLASH LIBERATION
Pressure 2500 2200 1900
Component
ci 1.54- 1.56 1.78
C2 .930 .882 .898
C3 .767 .661 .593
n-Cr5 .34-9 .4-02 .191
n-C8 .0780 .0551 .14-7
n“°10 .0828 .04-74- .185
Pressure 1600 1300 1000
Component
HO 2.28 3.08 2.85
C2 1.04- 1.10 1.21









n_C10 .0115 .0986 .204-
Pressure 700 535
Component










MIXTURE A-II, RUN. 2 
DIFFERENTIAL LIBERATION 












































































MIXTURE A-II, RUN 3 
DIFFERENTIAL LIBERATION 
250 PSI PRESSURE DROPS 
Pressure__________ 3000__________  2500  2000
Component
C1 1.70 4.13 3.78
C2 1.39 2.22 1.21
°3 .481 .956 .747
n~Cr-5 .0863 .151 .119
n-C8 .221 .0147 .00616
n~C10 .497 .0168 .0290
Pressure 1500 1000 500
jmponent
4.71 7.55 11.62
C2 1,19 1.83 2.69
°3 .724 .857 .857•n-CI* t~ .186 .260 .453\ COo1£ .0289 .0633 .0688











MIXTURE B-I, RUN 4 
PLASH LIBERATION
Pressure 3000 2500 2000
Component
ci 2.41 2.36 2.771 CM 
U 1.25 .850 1.90
c3 .830 .680 1.30
n-C5 .198 .324 .266
n-C8 .0216 .0955 .0436
n-CiQ .0131 .0857 .0978
Pressure 1500 1000 547
Component
4.46 8.88 17.061 CM 
O 1.87 1.86 2.43
c3 2.01 1.03 1.50
n-C5 .163 .186 .255
3 1 o GO 
'
.112 .0192 .0481




MIXTURE B-I, RUN 5 
DIFFERENTIAL LIBERATION
500 PSI PRESSURE DROPS
Pressure 5000 2500 2000
Component
ci 2.11 2.84 3.98
°2 1.35 1.05 1.45
C3 1.03 .736 .797
n-C5 .171 .0766 .228
n-08 .0248 .0492 .0230
n~G10 .0259 .0286 .00532
Pressure 1500 1000 500
Component
ci 2.98 9.31 16.16
°2 1.21 2.29 3.08
C3 . 616 .991 1.72n-Cc5 .291 .0986 .119
P i o 00 
'
.0365 .0153 .0552












MIXTURE B-II, RUN 6 
DIFFERENTIAL LIBERATION 
250 PSI PRESSURE DROPS
Pressure 3000 2500 2000
Component
°i 2.24 1.31 4.08
C2 .918 .955 1.45
C3 .633 .530 .657
n-Cs ,268 .755 .0235v 
CO 
O I .0755 .0847 .0177
n~°10 .0569 .0922 .0117
Pressure 1500 1000 500
Component
ci 6.76 10.96 11.22
C2 1.92 2.68 3.40
C3 .809 1.45 1.61
n-C5 .347 .137 .460
n-C8 .0209 .0225 .0268











MIXTURE C-I, RUN,7 
PLASH LIBERATION
Pressure 3000 2500 2000
Component
ci 1.77 2.4-3 3.71
C2 .854 1.04 1.13
C3 .510 .580 .536
n-C5 .152 .284 .182
n-Cg .0146 .0340 .0757
n-CiQ .00109 .0171 .0619
Pressure 1500 1000 784
Component
ci 4-.23 9.72 10.55
C2 1.59 2.47
oCO•C\J
C3 .629 1.37 1.55
n-C5 .4-91 .347 .338








MIXTURE. C-II,.RUN 8 
DIFFERENTIAL LIBERATION
500 PSI PRESSURE DROPS
Pressure 3000 2500 2000
Component
ci 2.06 2.11 2.44
C2 1.09 .910 1.06
*3 .843 .600 ' .453n-C5 • 238 .169 .175
n-Cg .0206 .0555 .0342
11-010 .00569 .0715 .0102
Pressure 1500 1000 500
Component
o H 4.20 3.86 12.60
°2 1.35 1.19 2.14
C3 .868 • 604 1.23
n-C5 .174 .199 .362
n-C8 .0189 .0263 .0226
n~C10 .00728 .00666 .00794
Pressure 100
Component








MIXTURE C-II, RUE 9 
DIFFERENTIAL.LIBERATION 
250 PSI PRESSURE DROPS
Pressure 3000 2500 2000
Component
ci 1.89 2.39 3.51
C2 .714 .970 1.23
C3 .487 .483 .451
n-C5 .0894 .157 . 0868
n-C8 .00941 .0233 .0346
n-C10 .00199 .00599 .00172
Pressure 1500 1000 500
Component
ci 3.92 3.97 10.34
C2 1.49 1.45 2.09
°3 . 918 .556 1.01
n-C5 .262 .124 . 175
n-C8 .0113 .0203 .0237














MIXTURE A-I, RUN 1 
PLASH LIBERATION
Bubble
Pressure Point  2500________  2200
Component
Liquid Gas Liquid Ga s Liquid
ci 54.10 66.74 43.45 67.43 43.18
°2 28.27 27.21 29.25 27.56 31.24
C3 3.80 3.70 4.82 3.36 5.09n-C,, 1.38 .70 2.02 .88 2.19
2 i o GO 
V
5.89 .71 9.15 .30 8.46
n-C10 6.56 .94 11.31 .47 9.84
Pressure 1900 1600 1300
Component
Gas Liquid Gas Liquid Gas Liquid
°i 64.77 36.33 66 • 04 29.02 64.45 20.91
C2 27.27 30.37 28.31 27.31 26.29 23.93
c3 3.27 5.51 4.12 5.44 3.74 5 .76
n-C5 .53 2.77 1.00 3.31 1.24 4.27
n-CR 1.72 11.66 .31 16.12 1.88 20.84
0 
) 1—1
o1 £ 2.44 13.36 .22 18.80 2.40 24.29
Pressure 1000 700 535
Component
Gas Liquid Gs s Liquid Gas Liquid
°i 60.01 21.22 61.26 11.53 57.41 10.34
C2 27.34 22.55 29.36 18.95 27.90 17.42
C3 3.52 5.81 4.12 5.08 2.45 5.03n-C5 1.37 4.68 1.47 5.03 .88 5.37
n-CR 2.72 21.10 1.24 26.52 4.21 27.91
01 1—i




MIXTURE A-II, RUN 2 
DIFFERENTIAL LIBERATION 
500 PSI PRESSURE DROPS 
Bubble
Pressure_________ Point  5000____  2500
Component
Liquid Gas Liquid Gas Liquid
ci 57.33 78.29 78.63 86.37 30.40
°2 7.06 8.79 8.12 7.90 6.63
c5 5.97 9.31 6.77 4.28 6,42
n-C5 2.94 1.51 1.50 .97 4.50
n-C8 12.28 .91 1.07 .34 22.42
n-CiQ 14.42 1.19 3.91 .14 29.63
Pressure 2000 1500 1000
Component
G-as Liquid Gas Liquid Gas Liquid
n 79.44 33.61 78.82 13.82 78.63 5.86
°2 6.69 6,56 6.82 4.57 7.21 2.12
°3 3.09 6.61 4.32 5.52 3.93 2.41
5 .64 6.30 .72 6.18 .90 1.43
n-CQ 3.45 21.17 3.23 31.01 2.81 36.82
n-C IQ 6.69 25.75 6.09 38.90 6 .52 51.36
Pressure 500 100
Component
Gas Liquid Gas Liquid
ci 57.74 11.06 25.83 .48
C2 10.12 4.31 7.02 1.01
C3 8.51 7.88 8.15 3.80
n-C5 3.64 2.99 2.71 6.97
n-C 8 7.99 33.05 18.27 39.88




MIXTURE A-II, RUN 3 
DIFFERENTIAL LIBERATION 
250 PSI PRESSURE DROPS
Pressure 5000   2500  2000
Component
Gas Liquid Gas Liquid das Liquid
ci 74.27 43.72 88.82 21.52 85.88 22.72
C2 7.08 5.08 6.29 2.84 7.43 6.13
4 2.88 5.98 3.22 3.37 4.91 6.57n~C5 .34 3.95 .57 3.80 • 68 5.74
3 1 o oo 
'
4.09 18.47 .39 26.42 .17 26.84
n-Cio 11.34 22.80 .71 42.05 .93 32.00
Pressure 1500 1000 500
Component
Ga s Liquid Gas Liquid Gas Liquid
°i 84.06 17.84 79.83 10.58 74.24 6.39
C2 7.10 5.99 8.21 . 4.48 10.78 4.01
C3 4.88 6.74 5.05 5.89 6.62 7.72n~C5 1.20 6.46 1.66 6.36 2.93 6.47
n-C8 .83 28.68 2.11 33.37 2.34 34.04
01 1—1 















MIXTURE B-I, RUN 4 
PLASH LIBERATION
P ressure_____ 5000 9 5 00 _ 2000
■omponent
Gas Liquid Gas Liquid Gas Liquid
ci 87.28 36.23 84-. 35 35.78 83.97 30.29
C 2 6.37 5 . 1 0 5 . 6 8 6 • 6 8 5.82 3.06
C3 4-.68 5.64 4.51 6.63 5.14 3.95
n-C5 . 8 6 4-.33 1.28 3.95 .74 2 . 7 6
n“C8 .4-6 21.64 1 . 5 8 16.59 1 . 2 2 28.13
n ~ G 1 0 .35 27.06 2 . 6 0 30.37 3.11 3 1 . 8 1
Pressure 1 5 0 0 1 0 0 0 547
os p orient
Gas Liquid Gas Liquid Gas Liquid
ci 78.38 17.57 87.30 9.83 84.09 4.93
°2 8.53 4-.57 5.72 3.08 5.30 2.18
a 5.29 2.62 5.19 5.06 5.64 3.76
n-C 5 .60 3.71 .94- 5.05 1.05 4.12
n-C8 3.4-1 30.38 .61 3 1 . 6 8 1.61 33.38
n-C 1 0 3.79 4-1.15 .24- 4-5.30 2.31 51.63
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COMPOSIT IONS 
MIXTURE B-T, RUN 5 
DIFFERENTIAL LIBERATION 
500 PSI PRESSURE DROPS
Pressure 5000 2500 2000
Gas Liquid Gas Liquid Ga s Liquid
Component
90.09 42.74 87.36 30.79 86.93 21.83
°2 4.69 3.46 5.61 5.33 6.30 4.34
°3 3.58 3.47 4.74 6.44 5.03 6.31■p —u .42 2.46 .32 4.22 .95 4.18
n~C8 .47 18.87 1.07 21.69 .59 25.64
n~G10 .75 30.00 .90 31.53 .20 37.70
Pressure 1500 1000 £00
Gas Liquid Gas Liquid Gas Liquid
Component
°i 85.03 28.54 81.54 8.76 74.77 4.63
C2 7.46 6.16 10.18 4.46 11.54 3.74
°3 5.63 9.15 6.79 6.85 10.76 6.25
n-C5 .75 2.57 .57 5.75 .71 5.93
n-C 8 .77 21.10 .50 32.89 1.88 33.99













MIXTURE B-II, RUN 6 
DIFFERENTIAL LIBERATION 
250 PSI PRESSURE DROPS
Pressure 3000_________ 2500_____.  2000
Component
Gas Liquid Gas Liquid Ga s Liquid
ci 88.05 39.25 87.72 67.11 87.84 21.51'
C2 6.16 6.71 7.89 8.4-4 9.29 6.39
C3 1.77 2.79 1.29 2.44 1.84 2.80
n-C5 .93 3.4-7 1.28 1.70 .10 4.07
n-C8 1.4-9 19.77 • 64 7.52 .49 27.86
n~G10 1.60 28.01 1.18 12.79 .44- 37.37
Pressure 1500 1000 500
Component
Gas Liquid Gas Liquid Gas Liquid
ci 85.95 12.71 67.01 7.63 76.68 6.83
C2 9.34 4-.85 17.04 4.23 15.36 4.52
4 1.82 2.25 7.72 2.42 4.58 2.84
n-C 1.4-5 4.19 2.21 4.4-6 2.40 5.21\ cc 
o !£ .67 32.24- 4.33 33.71 .88 32.92
0 
1 1—1

















MIXTURE C-I, RUN 7 
PLASH LIBERATION
Pre s sure_____ 3000____ ;_____  2500 _2000
Component
Gas Liquid Gas Liquid Gas Liquid
ci 88.81 50.32 87.47 35.96 84.63 22.82
°2 8.06 9.43 8.29 7.99 8.01 7.08
C3 2.56 5.02 2.40 4.13 2.48 4.63n-Cr .36 2.37 .69 2.42 .69 3.78\ COoI .19 13.26 .62 18.31 2.04 26.96
n-Gio .02 19.60 .53 31.19 2.15 34.73
Pressure 1500 1000 784
Component
Gas Liquid Gas Liquid Gas Liquid
ci CO VJ1 • CO 20.17 82.64 8.50 80 • 18 7.60
°2 9.89 6.23 10.52 4.26 10.60 3.79
C5 2.62 4.17 4.60 3.35 4.88 3.16n-C5 1.71 3.49 1.13 3.25 1.11 3.28
n-Og .16 28.77 .97 32.34 2.49 32.85




MIXTURE C-II, RUN 8 
DIFFERENTIAL LIBERATION 
500 PSI PRESSURE DROPS
Pressure_____ 3000____________ 2500 2000
Component
Us. s Liquid Gas Liquid Gas Liquid
ci 91.60 44.43 90.72 42.96 91.36 37.52
C2 5.13 4.69 4.35 4.79 5.58 5.26
C3 1.97 2.34 1.38 2.30 1.29 2.85
n-Cr5 .74 3.09 .53 3.15 .69 3.92
n-CR .42 20.19 1.14 20.54 .81 23.52
o1 I—i
o}6 .14 25.26 1.88 26.26 .27 26.93
Pressure 1500 1000 500
Component
Gas Liquid Gas Liquid Ga s Liquid-
cx 90.38 21.54 90.99 23.57 87.43 6.94
C2 5.52 4.09 5.25 4.42 6.46 3.02
°3 2.47 2.85 1.78 2.94 3.04 2.47n-Cc .80 4.60 .98 4.89 1.84 5.09
ts 1 o 00 
' .56 29.69 .77 29.41 .88 33.80







n-C 5 2.46 5.25
n-Cg 2.55 42.26




MIXTURE C-II, RUN 9 
DIFFERENTIAL LIBERATION 
250 PSI PRESSURE PROPS
Pressure_____ 5000   2 5 00____    2000
Component
Gas Liquid Gas Liquid Gas Liquid
ci 94.51 50.04 93.06 38.92 9 1 . 9 6 26.20
C2 3.72 5.21 4.55 4.69 5.62 4.59
C3 1.26 2.58 1.16 2.39 1.13 2.50
n-C5 .29 3.26 .53 3.39 .33 3.86
n_C8 .18 18.68 .53 22.89 .89 25.80
n-C10 .04 20.23 .17 27.72 • 06 37.05
Pressure 1500 1000 500
Component
Ga s Liquid Gas Liquid Ga s Liquid
ci 90.26 23.04 90.57 22.83 87.92 8.51
°2 5.91 3.97 6.49 4.47 7.47 3.57
°3 2.1-9 2.39 1.62 2.92 2.66 2.63n-C5 1.13 4.32 .54 4.34 .88 5.01
n-Cg .33 29.27 .56 27.57 .81 3 4 . 1 1


















S C rrf= "




O-cwsss r» u> k t-{ ( -a j-o ic o  m o  inO ^ o i  co m o  in  O rH
(ttiVH-X
O H Ulira^X . r - i
01 iVK-X


















































































































i 1205 OTiVH-X H  60
i i
liEtemBWESr! . O f ; :• f . f c 5 = f e  ' ' ' u&£&£E3S
-iSi 4 "f
t5i>1 iO£<>riiatSU t rjsi•SiPFEFfQ-'VgH




























































































© H©TO TO G TO CO ©
TO fcfl TO TO© o•H
•P
TO Jh © ©
r-1
** ci© p J3 ti £-» ©
.©
.G
































































10 in  ' i
h  68
Cy~cn a  I"- to  in  ^
H





































H  C O
hF£F-FFr
Srtfl+Sf






00’”'"° 6i2va2a£5-0(0 r> so in *s tnOr*f





































© - c n  a> m u  m  m
H








oo fN to m
« YjJ
O a >  oo r-» «> m  ■'T 
8
































trJl: WfTPTith+b»t» -Qfcf: rati:
C r O l isJi-tefc
tfpihii;
mm:
co I''O - c n  co n  so in •<*
s "of&rSrx
H  r H
■OIXVH-X

































Valve Assembly A Valve Stem
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